Data retrieval-----------------------------------------5 Statistical Analysis System----------------___ 5 Princeton Statistical System-----------___ -----g Data management----------___________ __ _ ___ }Q Compiling procedures--------------------------IQ Interpreting procedures-------------------------]_]_ Mapping procedures-----------------_____________ ]_]_ Data presentation-----------------------_________
 13  Tables  13  Graphs  j 3  Maps  13  Data 
repository-----------------------------------_ ^4 Summary------------------______________ _______________ ^4 Selected references---------------------------------------15 Summary table--------------_______________________________
]_y
INTRODUCTION
The areal extent of the Gulf Coast Regional Aquifer-System Analysis (RASA) study is about 230,000 mi2 and includes all or part of 10 States ( fig. 1 ). The geologic units considered in this report extend from the land surface to the top of the clayey confining layer of the Midway Group of Tertiary age in most of the study area or to the top of the geopressure zone in some coastal areas of Louisiana and Texas or to the top of Upper Cretaceous units in the northeast part of the study area (Grubb, 1984) .
The data used to study the chemistry of water from aquifers in the gulf coast aquifer systems were obtained from the U.S. Geological Survey f s National Water Data Storage and Retrieval System (WATSTORE) water-quality file; the brine computer-tape file, compiled by Taylor (1975) from data supplied by the petroleum industry; and the Texas computer-tape file, compiled by the Texas Department of Water Resources (TDWR).
The primary purpose of this report is to describe the procedures used to process and edit water-chemistry data from the gulf coast aquifer systems. A secondary purpose of this report is to provide a statistical summary of dissolved-solids concentrations and primary and secondary water types by county for the gulf coast aquifer systems.
This report can be used as a basic reference for describing dataprocessing procedures ( fig. 2) used to obtain water-quality data presented in interpretative reports prepared about the chemistry of water in the gulf coast aquifer systems.
PROCESSING WATER-CHEMISTRY DATA Data Storage
Water Data Storage and Retrieval System Water-Quality File Chemical-analysis data for 76,184 ground-water samples collected in the gulf coast area were coded and stored in the water-quality file of the WATSTORE System (table 1) of the U.S. Geological Survey in Reston, Virginia. This is the main source of the water-chemistry data for this study.
The data were stored in WATSTORE by station identification number. Other identifiers are agency, State, county, site, station name, and geologic unit.
Individual analyses are stored by date collected within each station record. Each property and constituent associated with each analysis is identified by a unique five-digit code.
In addition to chemical data* the file also contains results of physical, radiochemical and biological analyses of either single or composite water samples (Hutchinson, 1975) . However for this study, only the physical properties and chemical constituents were processed and analyzed to provide the information needed for interpretative reports.
Brine Computer-Tape File
Chemical analyses of 12,388 water samples collected from oil test and production wells in Texas and Louisiana by oil companies is a second source of water-chemistry data in the gulf coast area.
These chemical analyses were compiled and stored on computer-tape at the U.S. Geological Survey Headquarters in Reston, Virginia, (R. E. Taylor, U.S. Geological Survey, oral cornmun., 1985) . Although the computer-tape file contains both freshwater and saline-water analyses, the majority are saline-water analyses.
The procedure for storing the data is presented in a data report (Taylor, 1975) . The brine computer-tape file, is used primarily to supplement the chemical data from the WATSTORE file (table 1) . Number was decreased to 1,953 when duplicate analyses in the other 2 files were deleted from this file.
Texas Department of Water Resources Computer-Tape File
Chemical analyses of 7,024 ground-water samples in the Gulf Coast area of Texas are a third source of water-chemistry data in the gulf coast area of Texas. These data, labeled as the Texas Department of Water Resources computer-tape file, were processed and used to supplement data from the WATSTORE file in the Texas part of the Gulf Coast area.
In processing the TDWR data, some analysis were determined to be unacceptable and were not used to supplement the WATSTORE file.
Data Retrieval Statistical Analysis System
The chemical data from the WATSTORE file stored by state, the brine file and later the TDWR file were converted to a format suitable for retrieval using a computer program called SAS (Statistical Analysis System) *' developed by SAS Institute Inc. (1979) (table 2) . SAS was used because it was available on the U.S. Geological Survey's computer and because it provided a method of retrieving the data and storing as data sets, which can then be checked, modified, edited, and analyzed using statistical methods. Each State's data were stored separately as SAS data sets. The maximum number of parameters retrieved for each water analysis was limited to 126 and consisted of physical properties, chemical constituents, and location identifiers.
Using SAS procedures, the five-digit parameter codes were changed to character names that clearly identify each parameter (table 2) .
A SAS program was written to: (1) Obtain the most reliable value for dissolved-solids concentration and for depth of sample collection for each analysis, (2) assign each geologic unit to 1 of 10 arbitarily defined geologic groups, and (3) compute the primary and secondary water type for each water analysis.
The dissolved-solids value was obtained from the SAS program by using an order of priority from: (1) Sum of constituents, (2) residue at 180°C, and (3) residue at 105°C. The procedure continues until a value is found or if no value exists it is left blank. The order of priority for depth of sample is: (1) Depth of well, (2) depth of hole, and (3) depth of sampling.
The use of brand names in this report is for identification purposes only and does not constitute endorsement by the U.S. Geological Survey. Each analysis of a water sample was assigned to 1 of 10 geologic groups based on the geologic unit code. Only 8 geologic groups are considered in this report (table 3) .
The primary and secondary water types were computed by the SAS program from the four major cations: calcium, magnesium, sodium, and potassium and the four major anions: carbonate, bicarbonate, sulfate, and chloride in the analyses. By dividing the milliequivalents of one of the cations by the total milliequivalents of the four cations and multiplying by 100, the program computed the percent milliequivalents of that cation in each water analysis. This procedure was used to determine the percent milliequivalent of each of the above cations and anions in all of the water analyses.
Using the computed percent values for each of the major cations and an if statement, the program selected the cation that had the highest percent of the total milliequivalents of cations as the primary cation in the water analysis and the next highest percent as the secondary cation in the water analysis. The same procedure was followed to determine the primary and secondary anions in the water analysis. By combining the number representing the primary cation with the number representing the primary anion, a two-digit number representing the primary water type was generated. A two-digit number representing secondary water type was generated by the same procedure.
The parameters--dissolved-solids, depth of sample, primary and secondary water types generated by the SAS program and the associated value for each of those parameters for each analysis were added respectively to the SAS WATSTORE data set, the SAS Brine data set and later to the SAS TDWR data set.
Princeton Statistical System
The chemical data stored as SAS data sets on the U.S. Geological Survey WRD computer in Reston, Virginia, and accessible by Amdahl were moved over a period of several months to the U.S. Geological Survey computer in Austin, Texas, and stored as P-STAT library files (P- STAT Inc., 1985) . This was done to make the data more accessible and to decrease computer costs.
The data were moved to the U.S. Geological Survey computer in Austin, Texas, in two phases. The first phase involved moving the data for 16 parameters which are referred to as the basic parameter subset. The basic parameter subset consists of station ID, latitude and longitude in decimal degrees, column and row numbers, depth of sample, datum of site, elevation of land surface, geologic unit, geologic group, county, state, specific conductance, dissolved solids, primary water type and secondary water type. These parameters were chosen for the basic parameter subset because they were needed to accomplish the first objective of the water chemistry part of the Gulf Coast RASA study which was to map the areal distribution of the primary water types and the dissolved-solids concentrations. In the first phase, two data files consisting of the basic parameters were initially stored as P-STAT libraries on the Texas District computer. Data for one of the files, which was created by combining the basic parameter data in SAS data sets from each of the states in the study area, came originally from WATSTORE. The other file was created from the Brine SAS data set. A third file, a basic parameter P-STAT file, was created later from the TDWR data.
The second phase involved moving the computer stored data for 126 parameters from Reston, Virginia, to Austin, Texas. These data, stored as SAS data sets, one set for the brine data and one set for each of the following States for the WATSTORE data:
Alabama, Arkansas, Kentucky, Louisiana, Mississippi, Missouri, Tennessee, and Texas were moved and stored as 9 separate P-STAT files on the Survey computer in Austin. After the completion of phase 2, the P-STAT files created in phase 1 were removed from the computer and stored on tape.
Data Management Compiling Procedures
The P-STAT software system was used in phase 1 and 2 to modify, analyze, and compile the data into a format suitable for mapping the primary water types, the dissolved-solids concentrations and other parameters of interest. This software system also was used to create an external (output) file that could be used by Surface II Graphics System to post and contour the data (Sampson, 1975) .
The first modification (step 1) using P-STAT and the P-STAT files, which consisted of data for the basic parameters from the WATSTORE file, brine and TDWR files, was to establish a separate file for those analyses that contained a value for dissolved-solids concentration. This data-processing step decreased the number of analyses that came from the WATSTORE file from 76,184 to 38,916, from the brine file from 12,388 to 11,545, and from the TDWR file from 7,024 to 6,826 (table 1). The second modification (step 2) was to select only the most recent analysis at each sampling site which decreased the number of analyses that came from the WATSTORE file to 17,079, from the brine file to 6,513, and from the TDWR file to 3,829.
The third modification (step 3) was to sort the files modified in step 2 by the arbitarily defined geologic groups. This created 8 new P-STAT files for each of the three initial source files. The files created in step 3 were separated into geologic groups because water-bearing sediments are identified in the literature and drilling records primarily by geologic groups. Thus, the data presented in this and other reports from the Gulf Coast RASA can be used in conjunction with geologic maps and well data to determine generalized water quality in most areas of the gulf coast aquifer systems.
The fourth modification (step 4) was to create row 10 and column 10 variables for locating chemical parameter values by row and column in a grid matrix consisting of squares that were 10 mi on a side of the gulf coast aquifer systems study area. The row 10 and column 10 variables were sorted in ascending order using P-STAT. These files, containing data for the basic parameters, can now be analyzed using statistical procedures available in P-STAT.
Each of the 9 P-STAT files, created in phase 2 and including all parameters, received additional modification. They were separated into 5 subsets containing from 11 to 29 parameters (table 4) . Parameters common to each of the 5 subsets are the parameters in the basic parameter subset as well as year, month, day of sampling, and aquifer name designated as a model layer number. Similar subsets created from each of the 9 P-STAT files were then combined to form 1 P-STAT file for each of the 5 subsets.
This modification of the data provided a grouping of parameters into one file that are similar in chemistry. It also decreased the size of data files, thus making it easier to analyze and manage the data using the P-STAT system software.
Interpreting Procedures
Median concentrations of dissolved-solids were computed for each 100-mi area of the aquifer systems where data exist for the arbitarily defined geologic groups. These data, stored in an external (output) file, were plotted and contoured using the Surface II Graphics System (Sampson, 1975) . The primary water type was determined for each 100-mi area of the aquifer systems where the geologic group had been determined. These data, stored in an external (output) file, were plotted at the center of each 100-mi using the Surface II Graphics System.
The procedures used to compute median dissolved-solids concentrations also were used to compute median concentrations for calcium, magnesium, potassium, iron, silica, bicarbonate, sulfate, chloride, fluoride, and sodium; medium values of temperature, and pH, and the ratios of magnesium to calcium, sodium to calcium, bicarbonate to sulfate, silicic acid to dissolved solids, sodium plus potassium to silica acid, sodium plus potassium to bicarbonate, calcium plus magnesium to bicarbonate, calcium plus magnesium to silicic acid, bicarbonate to silicic acid, bicarbonate to hydrogen sulfide, calcium to silica, and magnesium to silica.
Mapping Procedures
The plotting and contouring procedures of the Surface II Graphics System were used to make maps showing areal distribution of values of the water-chemistry properties and constituents. The Surface II Graphics System, using the external (output) file from P-STAT, creates a plot file of the data points. The location and value of the data points are then plotted, contoured, or both using the line printer, the plotter, or a graphics terminal. Some examples from using the plotting and contouring procedures are maps showing: (1) The primary water type in 100-mi 2 areas for selected aquifers, (2) the median values of selected properties and constituents and ratios of selected constituents per 100-mi areas for selected aquifers, and (3) contours only of median values.
Data Presentation
Tables P-STAT was used routinely for tabulating summary statistics or for producing cross tabulation of categorical numeric variables. P-STAT was used to provide table 5 with parameter labels and the table title. Two important advantages of creating tables using the computer are: (1) The opportunity to check and correct data before each table is printed, and (2) the ease in which a table format can be changed.
The summary of dissolved-solids concentrations and water types by county (table 5) was produced by the computer processes described in this report. The summary was produced to provide a general overview of the chemistry of water in the gulf coast aquifer systems.
Graphs
The P-STAT was used to make graphs showing change in the value of a variable with time or space or the relationship between two or more variables.
P-STAT was also used to produce histograms and scatter plots. These two types of plots usually required adjustment of scale using the P-STAT procedures to obtain the most meaningful graphs.
Maps
The maps prepared using the Surface II System were checked for data values that appear to be anomalies and for data points that plot outside the boundary of the study area or outside the area of the geologic group or aquifer layer. If the plotted data indicates that the decimal point is incorrectly placed or that the data point belongs in a different geologic group or aquifer layer or is incorrectly located, the appropriate correction is made. Otherwise the data point is deleted.
The computer-generated contours or lines on maps showing data are checked to determine if those contours or lines correctly represent the data. Some correction of the contours or lines is usually necessary.
Data Repository
The chemical data of water from the gulf coast aquifer systems and used in the Gulf Coast RASA study are stored on computer tape at the U.S. Geological Survey office in Austin, Texas. The P-STAT files created as described in the data retrieval and management sections also were stored on computer tape. The computer tapes will remain available during the duration of the project and probably will remain available as long as the data remain pertinent to knowledge of the chemistry of water in the gulf coast aquifer systems.
SUMMARY
The data used to study the chemistry of water in the gulf coast aquifer systems were stored on disk or tapes and consisted of about 95»600 analyses. Because of the quantity and location of the data, it was necessary to use the computer to retrieve, compile, modify, analyze, and edit the data prior to preparing interpretative reports.
This report was prepared primarily to describe and document the procedures used in processing the water-chemistry data from the gulf coast aquifer systems and the effect of the processing on the quantity and quality of the data. This report will serve as a basic reference for reports that will use the data derived from the described computerprocessing procedures.
The data processing began with the retrieval of water-chemistry data from the WATSTORE file, the brine computer-tape file, and the Texas Department of Water Resources computer-tape file. The data from these files were retrieved and stored in the U.S. Geological Survey computer in Austin, Texas, as P-STAT files. The data in the P-STAT files were then modified, analyzed, and compiled into specifically formatted files from which P-STAT was used to create graphs, tables, and external (output) files which can be used by Surface II Graphics System to plot and contour data.
Although processing decreases the quantity, it generally increases the quality of data by deleting analyses that have missing parameter values, duplicate analyses, and questionable values.
Both the original file of water-chemistry data for the gulf coast aquifer systems and files of processed data have been stored on tape and reside at the Texas District The summary of dissolved-solids concentrations and primary and secondary water types (table 5) provides both an example of results from the data-processing procedures and an overview by county of the water chemistry of the gulf coast aquifer systems. More detailed descriptions of the water chemistry of the study area will be presented in planned reports from the Gulf Coast RASA. 375  230  110  530  163,000  260  130  180  170  46  130  95  140  140  160  64  17  130  380  24  160  98  125  1,000  110  41  120  21  7,900  120  150  73  50  330  170  30  130   4  4  1  1  1  7  2  6  1  3  3  19  2  1  3  1  16  1  3  7  9  19  2  2  6  1  2  8  1  1  2  2  5  1  2  12 1 NaHC03 NaCl CaHC03 -NaHC03 NaHC03 NaHC03 NaHC03 NaHC03 NaHC03
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